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Methods: Antioxidant, antidiabetic and antinypertensive activities of fifteen mixed powder
of mulberry leaf, mulberry fruit, and silkworm by RSM were measured as indicators of meta-
bolic syndrome,

Results: The optimal mixing ratio of mulberry leaves, mulberry fruits, and silkworm with the
greatest antioxidant, antidiabetic and antihypertensive activities was as follows: 2 5890 of
mulberry leaf (A), 0.1222 of mulberry fruit (B), 2.9999 of silkworm (C), At this time, it was pre-
dicted that the total polyphenol content was estimated to be 185 .51 tannic acid equivalent
mg/g, 1, 1-diphenyl-2-picrylhy drazyl radical scavenging activity 84.77%, 1-deoxynojirimycin
content 415,66 mg/100 g, «-glucosidase inhibitory activity 64.31%, ¥ -aminobutyric acid

Correspondence to: Ae-Jung Kim content 267,77 mg/100 g, potassium content 1,899 11 mg/100 g, and angiotensin-convert-
Graduate School of Alternative ing-enzyme inhibitory activity was estimated to be 73.78%.
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dfjof stu = o] gH] B3k F7tE o] Hlg =7 2o
&2o] oHETY,
FaA T 714 AF LR 7P Bol Z85 0]
Bol(Morus alba L., mulberry leaf)ol|:= flavones, 2] &4
H| &, triterpenes 52 A& Edo] O T/
1%, £3] y -aminobutyric acid (GABA)= 52} Qo B 3]1
108 o3 ghrEo] o st 2 kst axrt ¢
& Aoz LA Yoo, w3k BL AT low
density lipoprotein-ZH2HE F& 471 5 AR
HALE MAAZIH 8 ddS wEgh),
J_Tﬂ(Morus bombycis Koidz, mulberry fruit)ell 35| o]
RFEA|old(anthocyanin) A4 4SS A AA|
DA wubzle) X8 5 ookt g9
Ao g By gt HA 7154 LA = 2k
. 53] 4% 9 AFgAF Al a7 ge A
£ B8 SlEA
‘Foll(Bombyx mori, silkworm)i= o -glucosidase &3S &
I5ted 215 ddsS oAsh ol a3t Ak ol
| ThF =] 9= 1-deoxynojirimycin (DNJ) 32 7
g+ a-glucosidase B4 AHFAZ & LA 9Jov™, w|
EZcgole] &4-& F7MAA adenosine tri-phosphate A3
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5 (National Institute of Agricultural Sciences, Jeonju,
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o, 35] 93HNo. 2, Whatman, Maidstone, England)A]#
HT kg F295 A odgE F
% 7](vacuum rotary evaporator; N-1110, EYELA, Tokyo,
Japan)Z 30 mL7HA] FFAIZ] & 52727 (freezing dryer;
FD5808, Ilshinbiobase, Dongducheon, Korea)oll A 712A]A
TEslsigl o WE BastiA ARSIt B Alse
70% EtOH= ©] 83} 1,000 ug/mL T =2 343k & 4
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RSMol| oj3f AR 15719 %9, 20, o] ETFEL
Aehe F& AlR9 total polyphenol -2 Folin-Ciocalteu
N oFS AL8-3h= Singletond} RossiVe] WS M & she]
ZA314tE & FEE 350 pLloll 50% Folin-Ciocalteu A]2F
70 uLE 78] 38 AAF F, 2% (wiv) Na,COs -4
350 uLE H7Fske] 6087 WA 7]l 0] 750 nmollA] &
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Table 1, Independent Variables and Their Coded Levels and Actual Values Used for Optimization

No Coded levels Actual values (ratio)
' X4 Xo X3 Mulberry leaf powder (Xi) Mulberry fruit powder (Xo)  Silkworm powder (Xs)
1 -1 0 -1 0 15 0
2 0 1 1 15 30 30
3 1 1 0 30 3.0 15
4 0 0 0 15 15 15
5 -1 -1 0 0 0 15
6 0 0 0 15 15 15
7 1 0 1 30 15 30
8 0 1 -1 15 3.0 0
9 -1 1 0 3.0 15
10 -1 0 1 15 3.0
11 1 0 -1 30 15 0
12 0 -1 1 15 3.0
13 1 -1 0 3.0 15
14 0 0 0 15 15 15
15 0 -1 -1 15 0 0
F=E ZA3} ) Total polyphenol &3-S tannic acidS % FMOC-CI 20 pLE 3718t d2(20T)olA] 2021t vk
o] 83 HTFFAH R ALFSIATH SAZA 100 mM glycine 10 uLE 7}8Fe] HHg-8 AR A|
Z1 & ¥h-gAel 0.1% acetic acid 950 pLE 718k, nylon

3) DPPH radical 271s

RSMell oall AAE 15709] B<, o, ol EFEE
oer-& % AlE2] DPPH (1, 1-diphenyl-2-picrylhy drazyl;
Sigma-Aldrich, St. Louis, MO, USA) radical 422752 Blois
of P S tha WEste] AABIATE S AIE 100 pLol
1.5x10* M DPPH €< 100 uLE 7}3ke] 2L0] olalof A
3083 AAZ F 517 nmollA FHEE SHSAh
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1583t 2592 FE3IH Al5e 10287 A4283dT,
3,000 rpm)dte] A& z

mM HCI 20 mLE 7}t 283 371 58 HAASHA T
FEEo YA 22 dede

HCl& ©]-83t 50 mL= 7

FEEY FEAS = £F8YY FEE 10 uLoll 04 M
potassium borate buffer (pH 8.5) 10

syringe filter (0.2 pm; Whatman, Clifton, NJ, USA)E ©]-8-5}
of o3} & HPLC (Nexera X2 system, Shimadzu, Kyoto,
Japan) TAAIEE ARSI T

5) a-glucosidase sl &M
RSMol| oJal] A= 15712] 29,

ete F& A E2| q-glucosidase
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UL‘:"/]
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o), o EgED

A %52 Tibbotd
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o] =<1 0.2 unit/mL =

S ¢ -glucosidase (10 mM phosphate buffer [pH 6.8]
5) 20 uLE Y1 37ColA] 5&

59k

preincubationS A1F T 7122 AME-H 2.5 mM p-nitrophenyl

@ -D-glucopyranoside (pNPG)+= 100
(pH 6.8)° =3 20 uLE ¥ F 37CA 15%

mM phosphate buffer
&<t in-

cubation A|Z1T}. 0.2 M sodium carbonate solution 80 pL&

o] k3-8 FZAAIZ] ¥ microplate reader (Tecan Infinite

M200 Pro, GreenMate Bio, Seoul, Korea)S ©|-&3}] 405 nm
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Inhibition (%)
= {1-(ASam-ASam_C/ACont-ACont_C)}x100
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ASam: Sample AEE Y& v F

ASam_C: Sample A E& Y3 pNPGE
o F3%

ACont: Sample A &5 ¥A| &2 Control®] F3%=

ACont C: W& Al7]A] -2 Control®] 3%

6) GABA &&F
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syringe filter (Whatman, Clifton, NJ, USA)Z &]3}35}31, Nexera
X2 system (Shimadzu, Kyoto, Japan) 22 #2513t} Column
© Z Mightysil™ RP-18 GP column (4.6x250 mm, 5 x#m,
Kanto Chemical, Tokyo, Japan)& ARE3}R oM, o574 A=
HPLC water 2 Lol AccQ-Tag Eluent A concentrate 200 mL
£ 343193 1573 B AccQ-Tag Eluent BE ©]-831%]
o} gz 7]127] S8 2 27] ABE 90:10°0.2 4]
o, 1587F4 80:20, 307k 50:50, S0E7FA] 0:100
gl 60E7HA 90:102.2 #4350 42 1.0 mL/min,
NE FUAFS 10 vL, 27 B3 42718 AHR38H
excitation wavelength 250 nm, emission wavelength 395 nm
= B4t

7) Potassium &t

RSMoll oJal AAIE 157]] #el, T, ol S
N 59 potassium FF S4-2 F24 18 F inductively cou-
pled plasma spectrometer (ICP, Thermo Jarrell Ash, Franklin,
MA, USA)Z B4t
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8) ACE Kol &

RSMoll &fal A 1571¢] F<l, o8, ol T2
oete & AlF2| ACE A8 842 Cushman3} Cheung™
o] WS tha WEFste] S48tk 71422l Hippury-L-
Histidyl-L-Leucine (HHL) (8.3 mM)< sodium chloride &
300 mM 3k 50 mM HCL buffer (pH 8.3)0ll o F4]
& 3 ACE enzyme 50 uL, HHL 150 pL2} sample A S 50 pL
£ E3s9 e, ol (control)2 sample A& Al S+
50 pLE F7Vske] 37ColA 30837 vHSAIZL FIN
HCI 250 uLE #H718te] ¥kg-& SAAIFTE 7] 0l ethyl
acetate 500 pL= 7}Fsked 15%3F ¥k & 3,000 rpm ol A]
SEIE AAEYE AIA e 200 uLE HHTE A5
< 120C oA 303 71Est] AxARl ¥ S/ 1 mL
£ st} &A1) B2 228 nmollA FREE =3}
ACE A& T3H3th

il

Inhibition (%)
= {1-(ASam-ASam_C/ACont-ACont_C)}x100

9) 84 X2

2 AT BE A= 33 wHE S Hdpks o) 83
aom, A Aol #4 9 HH3}E 913l Design Expert
10 (Stat Easy Co., Minneapolis, MN, USA) Program& ©]-&
3l FARM R =5H HSIEES EAHEA S Bl

Fele Hstdm, wae] UYL Frest 14

1. 8%, 20|, o =g HZ0| ME SEHs 5 2t

BOAX), LUK, FolXs) FFS SHHFE 31
A Z3 157) B, o0, ol EFE A S(Table 1)9] to-
tal polyphenol 3%, DPPH radical £7°5, DNJ &%, «
-glucosidase A3l &4, GABA &, potassium 35, ACE
A3l xS ZA 3R THTable 2). Total polyphenol ko]
74-%- 120.03 ~ 189.18 mg tannic acid equivalent (TAE)/g
219] Fhe B, ¥ AEE 0, 24 0, 7ol 1.5)°]
120.03 mg TAE/gS.2 7} wokar, 139 AE(8Y 3, &
g 0, il 3)°] 189.180 mg TAE/go.Z 7F4 =A YElt
t}. DPPH radical &7%-& 78.94~90.95% W9 &<
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Table 2, Antioxidant Activities, Antidiabetic Activities, and Antihypertensive Activities of Mulberry Leaf (X;), Mulberry Fruit (X,), and Silkworm (Xs) by

Response Surface Design

No. oot scawengng DN eontent LSoUSR comen comn  ACEiibiony
(mg TAE/qg) activity (%) (%) (mg/100 g) (mg/100 @)
1 14978 8122 188,74 4507 182,92 1,175,056 47 42
2 160,05 83.91 306.32 62.31 22228 1,500.86 60.89
3 169.65 85.86 276.88 5993 22042 1,615.75 57 51
4 165,16 89.73 29525 61.21 230.32 1,605.53 5478
5 140.03 79.29 44017 70.22 27574 1,627 57 80.53
6 164.05 88.51 302.25 60.43 226.53 1,698.45 53.98
7 168.65 85.07 321.55 58.10 24184 1,694 .01 66.00
8 182.48 90.10 22012 47 42 206.86 1,482.13 53.49
9 157.98 78.94 276.87 4967 210.98 1,282.32 55.35
10 146.58 80.50 367.99 59.29 237.28 1,413.97 62.64
11 186.32 89.65 244 51 5257 218,76 1,801.71 60.61
12 170.36 8210 391 .38 67.87 268,36 1,715.72 7443
13 189.18 85.01 333.63 62.22 256.16 1,918.05 76,18
14 166.27 90,95 297 11 62.85 232 41 1,612.37 5525
15 153,52 81.18 276.89 60.65 25054 1,997.06 57 63

TAE: tannic acid equivalent, DPPH: 1, 1-diphenyl-2-picrylhy drazyl, DNJ: 1-deoxynojirimycin, GABA: y-aminobutyric acid, ACE, angiotensin-

converting-enzyme,

R, o AZE] 0, 29 3, Tl 1.5)°] 78.94%=
7h wkkan, 149 AEEY 1.5, 29 1.5, 7ol 1.5)°]
90.95%= 7} =A UERSTE. DNJ -2 188.74 ~ 440.17
mg/100 g W9 s BAed, 1M AEFE 0, 2H
1.5, ol 0)°] 188.74 mg/100 g & 713 Wty 53 4
Z(2 0, 24 0, Tl 1.5)°] 440.17 mg/100 g2 7%
=A YERSTE o -glucosidase A3l 432l 749 45.07 ~
70.02% W12 @S RYEE, 1 A 0, 24 1.5,
Foll 0)0] 45.07%= 7Hd @3kar, s AEES 0, 2
0, ol 1.5)°] 70.02%= 7} =A Yeltth. GABA 3§
F2 182,92 ~256.16 mg/100 g 9] #e e, 1
O AZEY 0, 2 1.5, 7ol 0)°] 182.92 mg/100 g =
7H wkokar, s AE(EQL 0, 26 0, Foll 1.5)°] 256.16
mg/100 g & 7} EA UEFSTE Potassium 3 578
A} 1,176.05 ~ 1,997.06 mg/100 g 2] 3H& R,
1 AEEL 0, 29 1.5, 7l 0)°] 1,176.05 mg/100 g2
2 7P wkan, 159 AEES 1.5, 26 0, 7ol 0)°]
1,997.06 mg/100 g2 7} =4 UEFTh ACE A& &
3 4748 ~80.53% L9 @t =, 11 AS(E
2l 0, 21 1.5, ol 0)°] 47.48%= 7} Wk, 5 A
(2 0, 2 0, ol 1.5)°] 80.53%= 7 =4 UE}

e

Wt} Potassium S A|2Jgk 6714 X :EA A ol 7}
1.5 o] =39 AZ5H, 13H)E°] 7HE =4 e

B, o4, ol T rell7h AedAd a9E wol= 7
o] o

A)
NN THALANE A PZko] 0.05 o]/l QIS
AAs R, 29 AL BT P<0.05 FFAA Fe
SHA| YERRTE

O Ax, BeA)d LUB)e H7t vlee] sUtE=
polyphenol 3&Fo] =l al, Foll(C)= A7} vl&ol 57
&= total polyphenol &&Fo] Yolxon, Sy 3t
of MEP B9} WS ZA-E0] Q)= two factor interaction (2FI)
model©] A= A ThFig. 1). (AT 2UB)= M7} v
£0] Z7}84=2 DPPH radical £71%5°] Eobd =t 24
= 37} HlE&o] 50% ol’do] =" DPPH radical 42715
ol 1, #olo| DPPH radical £71%-& &7} HIE0] 75%
-

Fzol 2 7R AL wokAle BEFE Bt Fell(0)¢]

I
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Table 3, Analysis of Predicted Model Equation for Antioxidant Activities, Antidiabetic Activities, and Antihypertensive Activities of Mulberry Leaf (X;),

Mulberry Fruit (X;), and Silkworm (Xs)

Response Model Mean R¥ F-value P-value Polynomial equation’

Total polyphenol content 2FI 164 67+4 29 0.9410 28.70 <0.0001  164.67+14 93A+2 13B-3.31C
-9.37AB-9.82BC

DPPH radical scavenging activity Quadratic  0,109+0,002 0.7759 8.66 0.0028  66.79+17 60A-16 53B+0.3960C
-4 97AC-5,75A%+7 46B°

DNJ content Linear 569+0.116 0.7515 18.15 0.0002  5,69-0.1406B+0,2023C

a -glucosidase inhibitory activity =~ Quadratic  58.65+2 80 09111 13.66 0.0008  62,98+1,07A-5.20B+5 23C+
4 57AB-3 58A°-4 53C°

GABA content Linear 232.09+1339  0.7380 16.90 0.0003  232,09-1-23,78B+13.84C

Potassium content Linear 39.86+132 0.8023 24 35 <0.0001 39.86+2.60A-197B

ACE inhibitory activity Linear 6111+654 0.5825 8.37 0,0053  61,11-7,69B+5.60C

!:I: factor interaction, DPPH: 1, 1-diphenyl-2-picrylhy drazyl, DNJ: 1-deoxynajirimycin, GABA: y-aminobutyric acid, ACE, angiotensin-converting-enzyme.
O§R2§1, close to indicates regression line fix the model; 'Coded equation (the levels of the factor are coded as +1~-1), A: mulberry leaf (%),
B: mulberry fruit (%), C: silkworm (%).
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Fig, 1, Perturbation plot and response surface plot for the effect of mulberry leaf (A), mulberry fruit (B), and silkworm (C) on total polyphenol content
of different mixture ratio of mulberry leaf, mulberry fruit, and silkworm, TAE: tannic acid equivalent,

Frelrle Y vAA S aglow A8,

Ztol]
model®] A7 = AKFig. 2).

[¢]
AP ael M g3} EA)3H= quadratic

Fo(C)= H7F vlEgo] S7HE45 DNJ 3Fo] =olAl
1, 2Y(B)= A7 Hlgo] F7FEE DNI o] Sobx
& AR FA(A) FH7E HIES AHEH model W
o A= DNJ Figell F3Fs mA& e 8Qlo= Vet
on, SYATTL 5y og Agate] MPaAN A}
= linear model®] AAE A th(Fig. 3). TNC)= A7} ¥l-&o]
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S714E o -glucosidase A3l A4S ol QRlo=E 2}
|39, 2HB)= 7} vlEe] S71S o -glucosidase
Al S-S e 8Rlo= Agatgom, S Tt
Agaae) 4 a77T 2Hg-3h= quadratic model©] A4 =]
ATHFig. 4).

Fol(O)= H7F vl S7tEE GABA &30l =
olx a1, 2HB)= 7 HIEo| 7S5 GABA o]
woldag o & ATk F(A)S HUT viEsS AdE
model WA= GABA ol daks vA= &+ 8%
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Fig, 2, Perturbation plot and response surface plot for the effect of mulberry leaf (A), mulberry fruit (B), and silkworm (C) on 1, 1-diphenyl-2- picrylhy
drazyl (DPPH) radical scavenging activity of different mixture ratio of mulberry leaf, mulberry fruit, and silkworm,
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Fig, 3, Perturbation plot and response surface plot for the effect of mulberry leaf (A), mulberry fruit (B), and silkworm (C) on 1-deoxynajirimycin (DNJ)
content of different mixture ratio of mulberry leaf, mulberry fruit, and silkworm,
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WOJ(A)S H7} H|&o] ZIE4E ZF Fheko] Hof Elu= linear model©] A7 = AtHFig. 6).
e g9lo g 283, QU(B)E A7) Hlgo] 7} Fol(C)= A7t vlgo] 7185 ACE Al €45
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Fig, 4. Perturbation plot and response surface plot for the effect of mulberry leaf (A), mulberry fruit (B), and silkworm (C) on « -glucosidase inhibitory
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Table 4, Optimum Constraint Values Using Two Methods in the Object Goal

Constrains name Goal Numerical optimization
Independent variables Mulberry leaf powder In range 2.5890
Mulberry fruit powder In range 0.1222
Silkworm In range 2.9999
Responses (dependent Total polyphenol Maximize 185,51 mg/100 g
variables) DPPH radical scavenging activity Maximize 84.77%
DNJ Maximize 41566 mg/100 g
a -glucosidase inhibitory activity Maximize 64.31%
GABA Maximize 267.77 mg/100 g
Potassium Maximize 1,899.11 mg/100 g
ACE inhibitory activity Maximize 73.78%

DPPH: 1, 1-diphenyl-2-picrylhy drazyl, DNJ: 1-deoxynajirimycin, GABA: y-aminobutyric acid, ACE, angiotensin-converting-enzyme,

Overlgy plot
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Fig. 8. Overlay plot of optimized of mulberry leaf (A), mulberry fruit (B), and silkworm (C) on total polyphenol, 1, 1-diphenyl-2-picrylhy drazyl (DPPH)
radical scavenging activity, 1-deoxynojirimycin (DNJ), « -glucosidase inhibitory activity, y-aminobutyric acid (GABA), potassium, and angiotensin-
converting-enzyme (ACE) inhibitory activity.
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BRI 25890, LH TS 0.1222, 7ol -2 2.9999 mg/100 g, potassium $FF°] 1899.11 mg/100 g, ACE A3
o HIEE EFHAES o AT /1A T g gAdo] 73.78% % o =E ATKFig. 8).
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